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(54) PROJECTION LENS SYSTEM 

(57)Abstract: 

PURPOSE: To provide a compact projection lens in 
which aberrations including the chromatic aberration are 
effectively compensated and having less problem of 
manufacturing ability, high resolving power and a wide 
exposure area when a glass material available for a lens 
material is limited. 

CONSTITUTION: In a projection lens system 10 
composed of plural lenses in which at least one lens is 
composed of a diffractive optical element 1 1, the 
diffractive optical element 1 1 has paraxial positive power 
and a pitch array continuously varying from a positive 
power to a negative power as being separated from the 
optical axis. Since the diffractive optical element 11 
generates a large aberration having inverted sign to the 

aberration generated in a diffraction system, the various aberrations of the projection lens 
system 10 are excellently compensated and an on-axis chromatic aberration is also improved. 
By such a pitch array, the minimum pitch of the diffractive optical element 1 1 does not 
become too small. 
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1 

#U>X*. 

h/2^p 

fc£U h ttWE®Jff3t*»^0«r2i*S, PteffiElHl 
[0 0 0 1] 

[««±©*Jffl»lf] IC, LSI^FOajffl 

U 1 5 0 nmSKO*^6JtajR^ca-«ttfi«<03t 

CO U > X& fcBUT 5 Z> . 

[0 0 0 2] 

[ft*tf>&»] IC, LSI, ttft^X^ 

[0 0 0 3] -jRfc, -j»*|R«t* 
ft, MPRoMKtt, 

=ki • A/NA 
fe£^S=k 2 ■ A/NA 2 

fc£U Attjftfi, NAttBBdfc ki , k 2 tet/nir 
[0 0 0 4] Lfc*ot, ftaJU>X©«p«*S|6j±3 

[0005] «*jfts©fi»ftftrc«fcDi«** 
y^T«fflsnrvi5iiatE*fi7>yog* (4 3 6 

nm) (3 6 5 nm) Ttt#fltt*l*-|-»£&o 

ItZtfrb, ctOftfiOfi^Kr FX^vVU-1f (2 
4 8 nm) ^>A r tf (19 3 nm) 

[0 0 0 6] a»U>X4i£B3tffiaft-r5fca6 



4WHV6-3 3 1 9 4 1 
*£«ft«T*) , *SW4, #»ffiU>X«flEfflT-& 

[0 0 0 7] 

•ftTS&86tC±EO±'5HX*S/Vl/-lfS3tlBfr 

-7>Ttt» *4tiB*«0. 3-0. 4nmgtttt^ 
fc»fc* tt«l/>X*<BfiML**&K£&*. l,^U 

m g F2 sfkUHjeaft**** a5tt«s**fi<T 
[0008] K±o«fc5a»*ii«fco, a»i/>x*tt 

[0 0 0 9] ®«#«ffcfc«fcr) U—tfcotn^^fiTf 

So 

[0010] &\z. a»^>xftiE»*ffiaftr-6»^ 

©MHAiUTtt, Sj^U>X^«S:f&bT^«KJ^Si 

[0 0 11] ifc, *HKB*S*T.5^^^hJU*«iB 

[0 0 12] — SJr^W>X^)«'&, MU>X<h 
^S*Dfil/>XcoKSt4S^0, ^7 L ^A*W>X(r®*$ 

[0 0 13] fIT, ^tl^O^S^^^**r-5fca6 
iC, #li¥4- 2 14 5 1 6-^fcW*Snr^*J:3 

[0 0 14] U^u fi«SO*|jE*±B«ltLTIillfr 
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[0 0 16] **Mtt±EH»ft***-r*fca6»ca4 

[0 0 17] 

(StT* DOE : Di f fractive Optical Element ) 

>XXlc:fc^T, WffilllSf***^*^ i&tt 
WKttlE/l 7 Jfc«l*6(BnsicaoTiE/t7 

-^6^A7-tca^M*c^'r^t:y5 i ffi^j^^r 

[0 0 18] Hff3t**TpOtB<8©iE^7 
<bf|/t 7 -^SBfcTSJfc+O y 7-gfB©&g 

h/2^p 

T+M«©y-^7-a©*«"C*s. 

[0019] 

n • sin d = n ' • sin 0 ' 

fc«u n -.xmmmommm 

n' * 

0 



n • sin 0 - n ' 



sin 0' 



fc«U n 

n ' 

e 

6 ' 

m : [nlSr^Sc 
A 

d rDOEOfcfy^ 

DOEOH ^3tC»r®$^-r<t^(cyU-X^ 

[0 0 2 6] Sfc, mJfcHI»f*fc»-rs^U-Xftfeff 



CKOHSf^KTsWjSWWfcttiE 
£ ©Hff 3E*»? © fcf y ^BWtfJfcW* SIWl* left o 

i0 [0 0 2 0] l/>X«Si:LTffifflT^ffl 
JffcttiEL&nw^ bxmft&<DWim<D'J>tt^1&MQL 

J] • &&ytmfc<Dft& u- >xs £n z t 

[0 0 2 1] 

# [0 0 2 2] IH*fa«te«^<«**?-C*-6*3BWC 
fflVJSDOEtT?lriTOJR31fiSia:RWtt, fllAtt* ^ 

[0 0 2 3] fi*fa*te*^<36*#?-Z?tt. 0 1 \Ztt, 

r^\z, ytM<&\* (si) ^se^x^;i/©ffisijtcs^ 

* [0 0 24] 

(Si) 

5»3SC-tn«C#l/T, DOEOi^H ^2t^*Tcfc^t^ Jfc 
3K [0 0 2 5] 

=mA/d .« (S2) 

[0 0 2 7] a=m • k/ (n" - 1) 
fc/fU n" : DOE@0g«g&©Jg#T^ 
DOE*^trit**ftRttTS^fttLT, Sweat t mod 
eI#*tt&nTV>S. CinfcoViTJi, fTW.C.Sweatt, "N 
4? EW METHODS OF DESIGNING HOLOGRAPHIC OPTCALELEMENT 
S", SPIE, Vol.126, pp. 46-53 (1977) j fc»U>*t, B 

[0 0 2 8] H5l:*^T, ©ttn»l&-5B*r3KU> 
X (ultra-high index lens ) , <2>i4&iK, z tt3t*S* 



X»CJ:nB, (S3) jWfatr*. 
■5*^14, H3»CST7U*^U>X*«©Wrffi6»^* [0 0 2 9] 

(n u - 1 ) d z/d h = n • sin 0 - n' -sin 0 ' ••■ (S3) 
fttcV* n 0 : ultra-high index lens CDJS#r^ fc. ) 

(HTKRWTSRff-Ctt, n . = 1 0 0 0 1 t b 50 z : ultra-high index lens <D%Mtf5$\<Dm!& 
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(4) 



6-3 3 194 1 



h 
n 
n * 
6 



*6' :%M<D*IBlfi 
[0 0 3 01 



«3) <fc0, #<Z> «4) ^ 



«4) 



ttUflMWcDJiaifr* 

3t«OAW^ * 

(n. - 1) d z/dh=mA/d 

OEOtfy^j <Dm\Z\t, <5£4) T^S^n^^WH [0 0 3 1] tt, ultra-high index lens $ 

Sweat t model fc«fc 9 KM- U& uitr (j£5) Tfe«dn<5#»ffil/>Xi:UT»ff L&tT 

a-high index iens G>fflJgJRj&> S . D O E © If y 38 £<h, 

z = ch 2 /{l+(l-c 2 (k + 1) h 2 ] 1/8 } 
+ Ah< + Bh 8 +Ch 8 +Dh 10 



«5) 



c 
h 
k 



★A 

B 

C 
D 



4# 

1 0*##ffl^» 



★ (it 4) , « 5) cfcD, 
d=mA/ [ (n- 1) d z/dh] 
= [mA/ (n-1) ] x [ch 2 / {1+ (l-c 2 (k+1) h 2 
) 1/2 } + Ah< + Bh 6 +Ch fl + Dh 10 ] - 1 »• (j£6) 



[0 0 3 2] ±E (3 6) «t0M6*ftck5IC, Off* 

m=± 1 fc£8l,T^<5. 
[0 0 3 3] (jglgJKf!) **««fc*»t*a«l/> 



#JR^£a< 1 fcwT. 
[0 0 34] 
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(5) 

7 8 
*1 :*&ffiW<&a#U>X (FN 3 6) 03^iRSi$ 5IO£7>< -^Hfc 
LfeSS (FN4 6, FN6 0) <D 3 &JRI&CD&ft; 
&«U FN :£Uffft (»3t<S«) 
SA :8ffiJD& 
TCO : ^>>?x>^t;V37 
TAS \ J\t#MJm 
SAS 

DST :x>fXh— >sa> 
PTZ \^yyrt-)Vfr 
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FN 3 6 (*ftHM) 
















r IN D U 










r IN *l o 
















SA 


-0. 002 


10. 354 


18.088 


26. 182 


DOET 


TCO 


0.018 


0.299 


9. 785 


26. 181 




TAS 


-0.084 


0.003 


1.614 


8.488 




SAS 


-0.028 


0.001 


0.538 


2. 829 




DST 


-0. 001 


0.000 


0.079 


0. 890 




PTZ 


0 


0 


0 


0 




SA 


-10. 357 


-18.092 


-26. 184 




TCO 


-O. 315 


-9.785 


-26. 183 




TAS 


0.079 


-1.615 


-8.489 




SAS 


0.026 


-0. 538 


-2.829 




DST 


-0.004 


-0.088 


-0.913 




PTZ 


-0.000 


-0.000 


0.000 


*ffc£ (1) <D 










pit 




0.65h 


0.45h 


0.33h 



[0 0 3 5] *%MMO&mU>X%l 0 fJJCfKtffitt 

>XL 1 2iU>XL 1 3*>efc*U>XSl 3 

0, IU>Xfl2, 1 3<OW^dbU>X»l 4£BBS 

KM/MS <U r©B3ffiOIHI^ l 7-^5fi<-r^Ci:T, 
^y^A-j|/»©l|jESffoTViS. DOE 11 

tt, JB»*«IH*&*H*f*U>Xt«ffiT**<3!>T?, 

0> **MM0««U>X3Rl Ott, fciffc^yyA- 

[0 0 3 6] XTy/tU>X©«^ 3WK£<D 

*BjEjW»IcMT. feflXMtLTtt, 

fc**t>T\ #H¥2- 1 1 0 9-^ ^5p4- 2 1 4 5 50 



1 6-9fcH^SnT^*«k5tc, $fi±&*Kg 
fcttWtcDOE£#tf?§-f5i:«fc^. fuT, 

a, doei ift^-^^3aiKo**aa0fte«ffl 

[0 0 3 7] *IMS«t*»SDOE 1 lObfy^CME 

-B^AflMi (^sabr-y^) -+m>a#m (*#&t; 

WfPffl*»oT^S. M«CDJS#r^ U >X£ £ co<k 5 
*k **««©J:5tt#«HfffflS»t>DOEO|lfp 

[0038] -mz, DOEm m®vitom*ft&tt 
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(6) 1$KW6-33 1 94 1 

9 10 

j&ic^u-xfctffrfcnsat. **im©doe no *oeh o)$%)&mmm<mm<D%'£<D&&u>x* 

>xfWfl*»o«*-ett, -7i>-xm&u>xmz »**we*iHi o. hi n^-r. 

»^*«tttK(BS«*. B9©tE*flrat. 7V-X [0 0 4 5] H7 0*Jt*rt-fttf»**J:5fc. 

ft*ffoT^S*t. fc^SA,. 04{C^-r«t5*Pgajfi DOEtffll^XfPfflUjWftfc&loi. DOEOiRgffi 

«C±S^U-Xflarfi*fft)T"bJ:V>. EIBA*»**0**<a:<. U>X*©&6E*>*-r-#-e 

[0 0 3 9] H8©«t5aKyyBMfcJ:*«S*ljEfP ft*5. **K«lc4Wt6DOE 1 1 

ffl^wTic^-cs. aicjjrrao. ^fiFS*©«sfflm a, ■#©**;**&. ¥fT¥DfK©&ffi£B9rii«R 

ia*»fi-r««5«flfc*»J5DOEl ltt. ttTV»6*». SSffi, **ffiO««±CHt»fBI*llin:-r4 

■RSffiiESfT-oTUO. *©*S»iEtt, ^BS^fflTtt 10 tascfcu. ¥fT¥SI«©ig®IC0i>Tffi£iraiT-5<!: 

fr<. (»WFM««>«HJBlia««tfi'r«IN«if#ffllcJ: V»5Cttt. ul Ira-high iDdex lens 0^>x^>ys 

oaanrn«ct*t»*»s. motn^t^vnt?. mmmiEmti^mm-^. -e© 

[0 0 4 0] *^160iJlci5ltSDOEl ltt. jft, ftp^CHffiBSiOI-r* 1. JB«r*U>Xtultr 

XT56±l,THS*ffi*8. #£iRg, x-T a-high index lens ©SteU>X©»GHfc*81iIEfc 

*. *©Mf*. U>X££©I*ffiiKM, [0 0 4 6] Sfc, ^KtTPttDOESlftLjHEJB 

WS, T-f^H: >3>£ffi»T&iSFK:*jtIEl/0>5. UT^&(^#. 2ft«±&ffl-r-5i, 3 e.(CiRMSiEg4 

[0 0 4 1] a±«^fcj;3ic, *5693©#ffiS}5R©tS *#*l,T#±U>2:fctt»3anrt>&K 

mmimm&ti>DOEi i©4whkj:d. mu> [0047] *&, *%mm\z2n-tz®%u>xmz& 

x*i ooif-f^oswM^TjWwaFteiiiEahT^ a? v>t. ffSKa, 

*• (1) h/2sSp 

[0 0 4 2] K±«. 3*««fct>V»TT*ft35«. *tt &6*fr«lJS-r*J:£a»a*UJ. fc«U httDO 

®#©«5ffiSfll££i|J8£t-5DOEl ltt, E©W2S¥S. p ttDOEf TO©/-/17-gB©¥g 

©B*«ffiJRg<£«jEf*^. X&VS'bjltffCttiEls [0 0 4 8] pftt*#a (1) ©T«**T0*£. D 

TV>6. *©&£. H7 0«*DBK*-rJ:5K, OE©««»lEft*»MEfc**<ft0. DOE©*r3&g 

ttlSOU>X»*t»6nTt>«. WBT©GgflUBi9W<ftD-9-#t. ;:©*§£, U-^a* 

[0 0 4 3] *&. DOE 1 lWfilttWICttlE/^-T? D>©tf y^M-SiftO. DOE©8fft»t#1|tt:BS 

lELTIri*. «Atf, d©l/>X&£248.38±0.005 n 50 [0 0 4 9] miRlZ*mi&fFi<Dl8&)s>X&m7 

mfflgfS©3fc^fflT5<i:, 5*U>X*t.fcD±l.i FfclxTfrafc*©. 3&«£fRft. 

tfm©«l±ft«Si*l*±r*««. DOE1 1#±0.2 ji U>X**T?58±-r*3*«««*S*lK:. £7^- 

mffla»fi«|g*»*a*. fi«S8©HiE*froTVi5. ^Ffc (FN4 6, FN6 0) Cff5i;yf»fO»t 

[0 0 4 4] D O E 1 1 ©#agHiaSBfl*[HflUflT?ttfc £012, 013 fc^-T. 

<£<£«©££*:,*:. «ffliiEfB , A!9qF*»T»a. D* [0 0 5 0] 

^2 : *3£&60l|©g^>X (FN3 6) J -frMchftlBt (FN4 6 

, FN 6 0) <DDOE©jhfiUBK©Sft : mm) 





FN 3 6 (**ftM) 


FN48 


FN 6 0 


DOE©*AI6« 


2790 


2762 


2731 



e 

[0 0 5 1] JE2lC^LfcJ;5IC, Jfc7*-;i,Ffcfc# *©*££. JS»U>X*tt^Ktt«||iEa«&S*i*. 

3DOE©ftAEB©«ftttttlr>. r&fc"6. tfBBfftB [0 0 5 2] l^U DOE©#9Bffffi«t«hir«^ 

fc**D*fcttfclr>. fct»#t)6-f. milzmtiio «S*iElB*»Wrr0f. 012, HI 3fcjRri5fc, 

c. i£7^-;n«fl:t#ir>JtjD-r*a*f*i/>x (&g DOE«a©«*Kyy*»sttiK:*a<)tso. 

U>X) ©«*6DOE#j»fffcHiET*©tt. *S89! ftlcB«£&«. J:oT. &#5$ (1) £$*:-f©#a 

©«F«F»*©tBH©#«ffif^ffltC«k5. &-P4—)\,Wt *U>. 

!CffV>. DOEOlMMBfWHttiiU WSiV>X C5£ [0 0 5 3] **lkffl-?tt. p = 0. 6 5hT, g/htT 

U>X) ©C«*ff-Bl|i|f*#aa!*«t»4S*«. 50 H8fc***5fc. 5.4 tfmi«fra©IBM© 
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11 

[0 0 5 4] H±a^fci5(c. ***«K«kntt, * 
XA - U^^W=8 0 Ommi^ifi^ffifBSBofc 
NAO. 4 8, B%ft««3 6mm£t>5AftB 

[0 0 5 5] ftB-rfifctt^-^lCfi^T, SS3 

3B##*»T. #£f!ffi^ttte «5) T£f£<*tt£. 
&3 1BB^»3 2B6**DOE 1 1 ^HnXf^Sffi 
*3 3H-»3 4ffiT£«;&nS©**DOEl 1*« 
ffllt"5ultra-high index lens 

[0 0 5 6] GB2$JMD *jt*«K*tt*»BU> 

2 o ©Bctt^-^ttSMa-rs^ -eo^Miasia 1 
4\z, zvm? tmmtm&m&mi sk, *^ 

«WOl8«>>X*Tffiffll/T^5DOE<0tr!y?-a)S 
^fJ^IS 1 6 tC^-T. H14l:*^T, ^2 1OTOE 

[0057] Sfu^ss^im fiiuas® 

0, ®tfr&U>X ffi£U->X) 0tt£ttm£lKfl£ 
SfiH«-C*S. ***B"Ctt, DOE2 1*«3t*a*^ 
tt«EW/hSftttBf(CEB$nTti5. Z(Dt£, DOE 

[0 0 5 8] DOE 2 l**tt(*jfifcft-50 

>x^B±LTtr>sv-f ±*©#HiRB*afc»u 
&&mv>®& u >xs **s lx \,* 6, 

[0 0 5 9] G3U>X<DA7— ©Jt*£#5iRB 

[0 0 6 0] &43, **««-ett, p = 0. 57ht, 
£#3 (1) £iffj£LT£D, BftPlBftlf.yfifto 

[0 0 6 1] MBT£&M5^i::*5^T, IS 2 

7B#*##ffiT. #9BStttt (5*5) T5£|g£ia3. 
»2 5ffi-»2 6ffi3WDOE2 lSlDX-rSSfi 

*27ffi-»2 8ffiT£*<*n*0#DOE2 1** 
4BSf ^>ul tra-high index lens 

[0 0 6 2] (£3&tB#j|) **MMfc*tt5lSSgW> 
X*3 0O*«tx-^tt«iB-r**«, *©SrHH£Hl 
^O^7«i:[l«/j:iRII0^01 8 fC, 
MS^ R 

1 -161. 715 

2 -199.952 

3 340.968 

4 142. 471 

5 354. 193 

6 176. 097 



(7 > ^58^2 6-3 3 1 9 4 1 

12 

ssfljofi:^ v >x%roim lt^ * d o e © t: * 

[0 0 6 3] fi«8©*|jEJ:0a*U>X 

>X) 0«aaSBl%JKM2:ISffR«T««. 

±5fc, DOE 3 l*Bf*iE©±5»C3t*S*tH;|tW/h 
afcBWKEBTntfcfcK j£7 
i0 ^-;UHftfc#5DOE3 lO^agoitla^fe^© 
DOE3 l©«/Mfy9 1 *«/h*<«:t3a<, «fls± 

[0 0 6 4] 4»Wn#0!)«SD$B 1 « 

©IMBflUBlCfcr), **ftiRa*liE*«ttanT^*. 

^©*#&iMS«i*BfeSim>S. &NA 

Hjelt^s. ztc, mi, m2mmmtmm, doe 
20 3 1 offi^T^ffi^ffitt^^ < acBsnr^s. 

[0 0 6 5] ft*5, **tt«Ttt, p=0. 74h<h, 
(1) SStJILTfcO* Kf^WffittfcTs/^t&o 

[0 0 6 6] ft*, ftETSBBx-^tefc^T, 252 

£ 2 5 H^-S 2 6 ffi**D O E 3 1 SlDX"** £S« 
£2 7®-?g2 8BTS8Sn«0*«DOE3 1 ** 
fflt^£ultra-high index lens T?&£ 0 
[0 0 6 7] &TF % ft^MWOftB^^SS-r. ffi# 

±IBUfcJ;5IC, DOEdMSMf-rSultra-high 
index lens 11, 2 1, 3 1 <D U>Xflff©IM*e*» 

rfe^o R«tt**e. dttffinam, vm $ 

#fi(DDOEte±iE<£ultra-high index lens *ffif&~? 
SfiififfltfS^T. CCTH ultra-high index lens 
*ttJ*-r*fi««tt©B3r*ttl 0 0 0 1, 5£©HSr 
*I41. 5 0 8 3 7 9 tLWS, ^7^c, A ttiftfi, N 
AttBOft, ««B%B«cdBS. DttB*B«fl!>15a 
J3tt«*, OIDB«BmBB«^T. 
4ff [0 0 6 8] Sl^JSfiRJ 

A= 248 nm, NA=0.48 ( <f>=36mm (□25mm) , 
j3=l/5, O I D=800 mm 



d 


VM 


10.000 


5£ 


0. 100 




10.000 


5£ 


11.075 




10.000 




12. 704 
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13 

7 
8 
9 
1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 

1 9 

2 0 
2 1 
2 2 
2 3 
24 
2 5 
2 6 
2 7 
2 8 

2 9 

3 0 
3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 
3 8 

3 9 

4 0 
4 1 
4 2 
4 3 
44 
4 5 
4 6 
4 7 
4 8 

4 9 

5 0 

SS33M 

R= 2.79043 X10 7 
k= -1 

A= -2.73103 X10' 12 
B= -1.50751 X10" 17 



f$BB¥6-3 3 1 9 4 1 

14 



1212. 997 


18. 058 


53? 


-256. 398 


0.100 




203. 590 


20. 354 


53? 


-1353. 068 


0. 100 




175. 770 


27.036 


53? 


-251. 160 


0. 100 




1001. 806 


10.000 


53? 


72. 058 


23. 310 




-164.443 


10.000 


53? 


121. 239 


34. 141 




374. 728 


10. 000 


53? 


204. 012 


37. 747 




178. 226 


19. 926 




-384.487 


0. 100 




537. 059 


11.469 


53? 


-923. 608 


0. 100 




254. 543 


10.000 


53? 


147. 932 


23.858 




-103. 925 


10.000 


53? 


336.922 


51. 251 




29381. 534 


17.922 


53? 


-291. 819 


14, 167 




674.998 


32. 585 


53? 


-203. 019 


0. 100 




00 


10.000 


53? (DOEvmm 


oo 


0.000 




2.79043 X10 7 


0.000 


DOE 


oo 


0. 100 




439. 333 


30. 382 


53? 


-262. 348 


0. 100 




109. 366 


30. 642 


53? 


319.908 


7. 633 




186. 858 


41. 685 


53? 


56. 280 


13. 586 




124.936 


10.000 


53? 


72.744 


0. 100 




56.018 


13.034 


53? 


70. 161 


29.956 




77. 762 


10.000 


53? 


51. 774 


0. 313 




46. 306 


20.929 


53? 


-173.472 


3. 236 




-102. 641 


10.000 


53? 


-308. 947 








C = 


-2.53992 X10~ 22 




D = 


-1.91297 X10" 26 



k = 248 nm, N A =0.48, <f>=33mm (□23mm) , 
50 &=1/S, OID=800 mm 
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15 





R 


i 


-158. 037 


2 


-195. 978 


3 


418. 017 


4 


150. 691 


5 


593. 972 


6 


184. 051 


7 


1355. 015 


8 


-312. 234 


9 


283. 224 


1 0 


-26521. 348 


1 1 


193. 354 


1 2 


-226. 777 


1 3 


227. 211 


1 4 


82. 978 


1 5 


-206. 100 


1 6 


97.028 


1 7 


-176. 795 


1 8 


-444. 638 


1 9 


986. 849 


20 


-202. 844 


2 1 


94.405 


2 2 


90. 169 


2 3 


-86. 788 


24 


-313. 565 


2 5 


00 


2 6 


00 


27 (m 


MB) 2. 52640 


2 8 


00 


2 9 


-2416. 732 


3 0 


-213. 149 


3 1 


2712. 715 


3 2 


-166. 291 


3 3 


265. 058 


3 4 


-898.699 


3 5 


131. 586 


3 6 


456.448 


3 7 


135. 521 


3 8 


60. 945 


3 9 


153. 381 


4 0 


83. 658 


4 1 


59. 070 


4 2 


69. 362 


4 3 


88. 193 


44 


53.372 


4 5 


46.865 


4 6 


-214. 592 


4 7 


-110. 371 


4 8 


-372.046 



O) ft0fl¥6-33 1 94 1 

16 

d VM 
10. 000 53? 
0. 100 

10.000 53S 
10. 660 

10. 000 53? 
18. 792 

15.227 53? 
0. 100 

14.666 53? 
0. 100 

26.735 53? 
0. 100 

17. 701 53? 
19.646 

33. 573 53? 
15.098 

10.000 53? 
36. 711 

15.336 53? 
12. 149 

14.535 53? 
33. 580 

19.011 53? 
36. 723 

10.000 53? (DOEOmm 
0.000 

0.000 DOE 
4.489 

22.039 53? 
3.841 

33.650 53? 
0. 100 

25.092 53? 
2. 169 

25.030 53? 
4. 724 

30. 512 53? 
15.469 

10.000 53? 
0. 100 

12. 582 53? 
40.454 

12.159 53? 
0. 109 

21.483 53? 
3.453 

10.000 53? 
50 S?S2 7® 
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R = 


2.52640 


X10 7 


k = 


-1 




A = 


-5. 11751 


XIO" 12 


B = 


8. 54374 


XIO' 17 


C = 


-1.44876 


XIO" 21 



1 


-7183.426 


2 


-277. 966 


3 


1753.436 


4 


133. 116 


5 


-129. 156 


6 


246. 617 


7 


1186. 050 


8 


-180. 123 


9 


281. 287 


1 0 


-367. 991 


1 1 


171.041 


1 2 


-1814. 658 


1 3 


83.495 


1 4 


68.446 


1 5 


-400. 118 


1 6 


78.082 


1 7 


-14254. 367 


1 8 


227.084 


1 9 


142. 747 


2 0 


-220. 789 


2 1 


-17980. 404 


2 2 


-253. 596 


2 3 


-2838. 911 


2 4 


155.055 


2 5 


CO 


2 6 


CO 



2 7 (#3$M) 1.54177 XIO 7 



2 8 


CO 


2 9 


-153. 870 


3 0 


187. 267 


3 1 


-477. 781 


3 2 


-200.350 


33 


-1841. 575 


3 4 


-136.949 


3 5 


219. 727 


3 6 


-1006. 903 


3 7 


94. 856 


3 8 


189. 397 


3 9 


106. 287 


4 0 


52. 251 


4 1 


60. 567 


4 2 


50. 025 


4 3 


46. 763 


4 4 


49. 969 



(10) 3 1 9 4 1 

18 

D= -2.04374 X 10 ' 2 7 

a 

[0 0 7 0] %3%mm 

A= 248 nm, N A =0.60, (f>=24mm (□17mm) , 
£ = 1/5, O I D=800 mm 
d VM 
12.036 53$ 
0. 100 

10.000 53$ 
20. 892 

10.000 53$ 
51. 556 

26.334 53$ 
0. 100 

27.319 53$ 
0.100 

26. 232 53$ 
0. 100 

10.000 53$ 
31.840 

10.000 53$ 
18.004 

10.000 53$ 
11. 187 

25. 105 53$ 
0. 100 

12.758 53$ 
11.366 

10.000 53$ 
8.134 

10.000 53$ (DOEOSfi) 
0. 000 

0.000 DOE 
8. 135 

10.000 53$ 
44. 249 

46.399 53$ 
1.458 

32.478 53$ 
0. 100 

26. 348 53$ 
0. 100 

28. 649 53? 
0. 100 

26. 252 53$ 
6. 996 

10.000 53$ 
0. 100 

14.474 53$ 
17.818 
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19 



20 



4 5 
4 6 
4 7 
4 8 

4 9 

5 0 



59. 808 
38. 583 
35. 807 
956.425 
-141. 699 
-377. 416 



a. 

[0 5] iHKJBSr#U>X (ultra-high index lens ) 
[H6] *»9B©JBl*lS«<Z>l9:»U>X*<0»rHBIT 

CH7] »lS8«W©«ffiiRS, f^Xh- 
->3>, 3TiRIIS7R"riRilBi"C**. 
[08] *l*JS«OJ9!«U>X*fc«fflUT^S|lI*f 

[H10] a^<O0$f3t^T^ffl^'2»S^I/>X* 



II] 




10.000 
0. 100 

20.164 5£ 
2.817 
8.000 



SS2 7ffi 

R= 1.54177 X10 7 
k= -1 

A= -1.22700 X10" 11 
B= -4.93739 X10' 16 
C= 4.35829 X10" 21 
D= 1.22769 X10" 23 

[0 0 7 1 ] 

[*W©»*3 K±R?BL;fc«fc3l;:, *»MlcJ:ntf, 

x*ft««-r«jifc3^**. 

[01] *«9BTffl^SlHl*f*** : fftRWr-5fc8&CD 



40 



©0 7 <hf*g«fciKg0T*£o 
[011] 01 0<OU>X*lrffiffllxTti5HSr3t** 

J0 [012] »i*Mfl©!8»u>X**a7-f-;i.Hft 

[013] mimmmvwL&uyxftzzziz&yj- 

[014] »2^«©a»l/>X»<0»rBiiH-C»*. 
[015] *2*JS«©H7tH«&J|5aiBn?»S. 
[016] »2*JS«*c«ffibT^S|aI«3'i£** : F©fc: 
y ^©jfr* Siftf 0T* * . 
[01 7] »3*B«Ota»l/>X*©KHHT»*. 
a? [018] «3^ttfla)B7i:ntt&JRSBI'C%d. 

[019] »3**fl|lcttfflLT^SI3«3t*»T©fcr 

®- 

©-DOE 

©-•ultra-high index lens 
a-7^*;H/>X*tt©>rHS©j»©jRa 
10-»1 U>X* 
<?0 1 l-»l*lS«tfl[fflLT^SDOE 

1 2-S^tCGEffl^^U^^^lOl/VXP 
1 3-Sli|CQaffl*[Rl^^'&t>ii:&»2©U>X» 

1 4-WU>X»l 2, 13<DM<OflU>X» 

2 0 2 %K01l<Z)gUI$ U >X* 

2 l-*2*JS«IC«fflLT^5DOE 

3 0-»3*»W©IBKl/>X* 
3 l"-»3*»5WC«MLT^SDOE 
L7, L8-*lU>X»S**-r6U>X 
LI 2, L 1 3-312 U >X»S*|JE8"rs^>X 



[04] 
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(13) 



6-33 194 1 



<SL 15.09° 




-aooi o qooi -0.001 



00005 



-0.0005 



• 0.7 



0.0O05 



^0.0005 



l 1 

O.OOi -0.005 0 0.005 



O.OOOS 



-0.0005 
0.0005 



-0.0005 



•Sit af" 



0.0005 



■ «°i 



-0.0005 -0.0005 
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100 




-0.UU3 



0.003 -0.003 




^ i3. zr 




T ~1 

0 0.003 -0.003 0 0.003 



0.0020 



0.0020 




-0.0020 1 -0.0020 



-296- 



jP 6-331941 



Page 15of19 



(15) 



-331941 



[011] 



130 
120 
110 
f 100 

90 H 
* 80 
~ 70 
M*> 60 
w 50- 
40 - 
30 
20- 
10- 
0 



26. 




5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 8B 



[HI 2] 





200-i 




100- 


V 






0 - 








-100- 




-200- 




-300 








-227 



5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 60 
Jtl&m ( mm ) 



[01 3] 



200 

tr ioo 

>im 0 
^00 
-200 



V 

140 

1 


I 

124 




-1 -1 




V, V&^^O-S "« -3 -2 -2 -1 
$/* 


1 1 1 — T"T 


80 i I l i ii — i — i 1 1 r— 1 



#lftSi ( mm ) 
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[014] 




20 



[HI 6] 



e 
•j 



ZOO- 
150 
100- 
50- 
0- 
-50- 
-100. 



4069 







1 


127 

i 






66 " 
.ra" 39.37. 38. _* 7 .|? 


j 


^ -25 "' 5 


-58 



( mm ) 



[HI 7] 




30 
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II 5] 



T-100 



i — r 



co 14.40 



1 



I r- 



<*> 14.40° 



, | 1 ( 1 1 

-0001 0 O001 -0.001 0.001 -0006 0 0.005 



ft&ft 1.0 




— 

- 0 0005 
ft S it 0.7 


— =^ 


-0.0005 

^ — _ 




-0.0005 


\ 



0 0005 



-0.0005 
0.0005 



-0.0005 
0.0005 



-0.0005 
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118] 



1.00 



w 9.73 v 



i — r 



<*> 9.73' 



-qooi o aooi -0.001 




1 1 I 1 1 1 1 

0.001 -0.005 0 0.005 



T-f-*h-->3> (°/o) 



0.0005 

fcStti.o 

/C1J 




- 0.0005 

&Stt0.7 


— =^ 


-00005 

ftStt <&°°° S 


l-ll r 


-0.0005 





o.ooos 



-0.0005 
0.0005 



-00005 
0.0005 



-0.0005 
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II 9] 





200 " 




150 - 








too - 


* 




/i/n 


50- 




0- 




-50- 




-100- 



U22 



154 

I 



78 "~ 

ill 



4 

i 



$f -31 

-70 



3 5 8 10 13 15 18 20 23 25 28 30 33 35 38 40 43 45 48 
ftt%& (mm) 



SfcbH] ¥^5^6^ 110 
*IjE*MWHB*] 0 0 3 1 

z = c h 2 



[0 0 3 1] ftftMfctt, ultra-high index lens £ 



t&'u z 

W£MI) 
c 
h 
k 



/ 11 + Cl-c 2 (k + 1) h 2 ] " 2 } 
+ Ah< +Bh 6 + Ch e + Dh 10 



«5) 



B 
C 
D 



1 0# 



d=mA/ C (n- 1) dz/dh] 
= [mA/ (n-1) ] x [ch/ Cl-c 2 (k+1) h 2 ) 1/2 
+ 4Ah 3 +6Bh 5 +8Ch 7 + 1 ODh 9 ] 

[ffijIE*f*§gi£] BjJSfflS 
mJEttftHa«] 0 0 3 2 



(5$ 6) 

[0 0 3 2] ±e «6) .fcows^ttiik:, ewf^t 
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